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(54) Substituted imidazoles as modulators of multi-drug resistance 

(57) This invention relates to compounds of For- 
mula 1 which are pharmacologically useful for the treat- 
ment of cancer through sensitization of multi-drug 
resistant cancer cells to chemotherapeutic agents. 




wherein R 1( R 2l R 3 , and R 4 are, for example, alkyl, aryl, 
etc., which are defined more specifically hereinafter. 
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Description 

FIELD OF THE INVENTION 

5 m «th!I^ P n r f e S inVenti l" Pr ° V J^! S n0Ve ' imida20le deriva,iv es 1 novel pharmaceutical compositions containing same 
BACKGROUND OF THF |Hi\/cuTm M 

SS!^^2S!r^ J?" 31,0,18 in t " IOr Ce " 8 reSUttin9 in reduced intracel,u,ar arti <*™» drug 
accumulation, including reduced membrane permeability and increased removal of drua from the cell v*» en 

dep^enteff.uxmechanism.StudiesofmismechanismhaveledtothecharaS 

0 res-stance to chemotherapeutic agents. One of these genes, the P-glycopSe^ 

1 225 ^emotherapeutic agents. MDR1 encodes a 170 kDa membrane glycoprotein (gp-170 or fSh?2 

■ h " f 2583-2592. 1989). The level of expression of gp-170 has been shown to correlate with the decree of 

1 drug resistance (Raderer and Scheithaurer. Cancer 72: 3553-3563. 1993). gp-170 appe^Tart ^ a ou% tha 

ESSE? ^ vari ? of structural,y unrelated compounds - «ES- J2££Sta 

Another ATP-dependert membrane efflux pump, the product of the MRP gene, has also been bntaSdhta i MDR 
^r^^^ ^ Centen ^ ^ 53: 3658 - 3661 - ^ - »~ other^Xle^ 
> Drugs of proven antitumor chemotherapeutic value to which MDR has been observed include vinblastine vincrie 

n »» ^ { ?2r ? ^ " 1993) - Many tumors are irrtrir, sica»y multi-drug resistant (e.g.. adenocarcinomas 
A variety of structurally diverse agents have been identified which can restore partially or sometimes comoletelv 
Slit!! '? 9P " 1 7 °' CaUS ' n9 8 reverSal in the increase in dru ° eff,u * Among these agjnte aS c^Sm 

eff.cacyaga.nst the membrane pump as well as lack signif fcant toxicity and other non^pJB^SunSSS M 
, ho ™ e P . rasen -mention describes a family of novel substituted imidazole derivatives that are ZSS 
the sensitivity of tumor cells resistant to anticancer chemotherapeutic agents such as doxorubicin fDOtt teJnT JS 
vinblastine (VLB), and enhancing the sensitivity of mM^Z+JtS*. ^cS^SS^S^ 

i K n ^SJT f 1 COmpou fc nds « re fl ? ectod t0 have broad a PP ,icati0 ' 1 in »e chemotherapy of cancer. 
reJa^mS 

the £i£5252 X^Sr pro * de a me,hod 0f sen ^ in9 mu,Wru9 -« - »* 

nJf^Z ? i8Ct iS ,0 pf0vide a method of treatment of MDR w drug-sensitive tumor cells by administerino a suffi- 

A further object is to provide pharmaceutical compositions for increasing the sensitivity of tumor cells to antitumor 
eoeo^?K PeUt K 396,1,8 3nd thUS for Uea,ment 0f *"*» ** are ^ceptfcla to 

agents but have become resistant to such chemotherapy. cnemotnerapeutic 
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These and other objects will be apparent from the following description. 
SUMMARY OF T HE INVENTION 

TTie novel compounds of this invention have the general formula 
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and are capable of restoring sensitivity to multi-drug resistant tumor cells. 

It is an object of this invention to provide compounds that have sufficient activity to sensitize multi-drug resistant 
tumor cells to antineoplastic agents. 

It is an additional object of this invention to provide a method of sensitizing multi-drug resistant tumor cells using 
the novel compounds of the present invention. 

A further object is to provide a method of treatment of MDR or drug-sensitive tumor cells by administering a suffi- 
cient amount of a compound of the present invention, prior to, together with, or subsequent to the administration of an 
antitumor chemotherapeutic agent. 

A further object is to provide pharmaceutical compositions for increasing the sensitivity of tumor cells to antitumor 
chemotherapeutic agents and thus for the treatment of tumors that are susceptible to anti-cancer chemotherapeutic 
agents but have become resistant to such chemotherapy. 

DETAILED DESCRIPTION OF T HE INVENTION 

The present invention encompasses compounds of general structural Formula 1 
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R. 



Formula 1 

or a pharmaceutical^ acceptable salt ester, or prodrug thereof wherein: 
R, is: 



(a) substituted C M1 alky) or substituted C 2 . 1t alkenyl, wherein the substituent is selected from the group con- 
sisting of hydrogen, hydroxy, halo, alkyloxy. C,. 6 alkylthio. d. 6 alkylamino, phenyl-Cve alkyloxy. phenyl- 
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d-6 alkylthio. and phenyl-C^ alkylamino; or 

(b) aryl-Co-n-alkyl. wherein the aryl group is selected from the group consisting of phenyl, naphthyl pyridyl 
furyl, pyrryl. thienyl, isothiazolyl, imidazolyl, benzimidazolyl, tetazdyl. pyrazinyl, pyrimidyl, quinolyl, isoquinolyl' 
benzofuryl. benzothienyl, pyrazolyl, indolyl, isoindolyl, purinyl, carbazolyl, isoxazolyl, thiazolyl, oxazolyl, benz- 
5 thiazolyl, and benzoxazolyl; and mono-, di-, and tri-substituted-aryl ! -alkyl wherein aryl is as defined above 

and wherein the substituents are independently selected from 

(a) trifluoromethyl, 

(b) hydroxy, 
10 (c) halo, 

(d) phenyl, frans-2-phenylethenyl, 2-phenylethynyl, 2-phenylethyl, wherein the phenyl group is optionally 
mono- or di-substituted with hydroxy, halo, d-4 alkyl, or d-4 alkyloxy, 

(e) carboxy, 

(f) amino, 

(g) optionally substituted d_ 6 alkyl, d-e alkyloxy, d- 6 alkylthio, d. 6 alkylamino. d. 6 alkylcarbonyl, C« 6 
alkylcarbonylamino, d-6 alkylaminocarbonyl, d-e alkoxycarbonyl, wherein the substituent is selected 
from the group consisting of amino, carboxy, C,. 6 alkoxy, d-6 alkylthio, d-6 alkylamino. and di-(d 6 ) 
alkylamino, v 1>w 

(h) d-iiC0 2 R 5 , d-nCONHR 5 , trans-CH=CHC0 2 B 5t or frans -CH=CHCONHR 5 wherein R 5 is hydrogen, 
20 d-n alkyl. or phenyld-n alkyl. 

(i) carboxymethyleneoxy, and 

(j) d-6 alkoxycarbonylmethyleneoxy; 
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R 2 and R 3 are each independently: 

aryl wherein the aryl group is as defined under the definition of R 1 above; and mono-, di-, and tri-substituted aryl 
wherein the substituents are independently selected from hydroxy, halo, trifluoromethyl, d 6 alkyl, C 1 6 alkyloxy, 
d-e alkylthio, ammo, d-e alkylamino, di-(d- 6 alkyl)amino, phenyl-d. 6 alkylamino, and di-(phenyl-'d b alkyl) 
amino; . 
and R 4 is: 

(a) hydrogen; 

(b) substituted d-n alkyl or C 2 . u alkenyl wherein the substituent is selected from the group consisting of 
hydrogen, hydroxy, halo, d-e alkyloxy, d-6 alkylthio, d-6 alkylamino, phenyl-d-e alkyloxy, phenyl-d 6 
alkylthio, and phenyl-d-6 alkylamino, carboxy, and d-6 alkoxycarbonyl; or ^ * 

(c) aryl C 0 .n alkyl wherein the aryl group is as defined under the definition of R 1 above; and mono-, di-, and 
tri-substituted-aryl , -alkyl wherein aryl is as defined above and wherein the substituents are independently 
selected from d- 6 alkyl. trifluoromethyl, hydroxy, halo, d-e alkyloxy, amino, d-e alkylamino, aminod 6 alkyl 

40 carboxy, and carboxyd-e alkyl. Vb 

A preferred embodiment concerns compounds wherein: 

is aryl, wherein the aryl group is selected from the group consisting of phenyl, naphthyl, pyridyl furyl pyrryl 
thienyl, imidazolyl, benzimidazolyl, pyrimidyl, quinolyl, isoquinolyl, benzofuryl, benzothienyl, indolyl, thiazolyl oxa- 
zolyl, benzthiazolyl, and benzoxazolyl; and mono- and di-substituted-aryl wherein aryl is as defined above and 
wherein the substituents are independently selected from 
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(a) hydroxy, 
so (b) halo, 
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(c) phenyl, rYans-2-phenylethenyl, wherein the phenyl group is optionally mono- or di-substituted with hydroxy 
halo, d-4 alkyl. or C t . 4 alkyloxy, 

(d) carboxy, 

(e) amino, 

(f) optionally substituted d-e alkyl, d- 6 alkyloxy, d-e alkylthio, C 1 . 6 alkylamino, d. 6 alkoxycarbonyl, wherein 
the substituent is selected from the group consisting of amino, carboxy, C 1 3 alkoxy, d o alkylthio Ci * 
altyamino, and di-(d. 3 ) alkylamino, 3 

(g) /ra/TS-CH=CHC0 2 R 5 , or /fans-CH=CHCONHR 5 wherein R 5 is hydrogen or C 1 6 alkyl 

(h) carboxymethyleneoxy, and 



4 



10 



EP 0 812 829 A1 

(i) C^e alkoxycarbonylmethyleneoxy; 

R 2 and R 3 are each independently phenyl and mono- and di-substituted phenyl wherein the substituents are inde- 

^Z^TJ^X" 3 ^ haSo -/ fflUOr0mem Cl ' 6 alkyl ' ° 1 - 6 a,ky,0xy ' °" ^ mo - amino - Cm 
aiKyiamino, and di-(Ci.6 alkyi)-amino; and 

R 4 is hydrogen; substituted d-e alkyl, wherein the substituent is selected from the group consisting of hydrogen 
hydroxy, halo. d. 6 alkyloxy, d. 6 alkylthio, d. 6 alkylamino. carboxy, and d- 6 alkoxycarbonyl; or mono- or di-sub- 
stituted aryl C 0 . 3 alkyl, wherein the aryl group is selected from the group consisting of phenyl, pyridyl furyl thienyl 
.midazolyl, thiazolyl, and oxazolyl, and wherein the substituents are independently selected from hydrogen C, J 
al^Urfluoromethyl, hydroxy, halo, C M alkyloxy, amino, d. 6 alkylamino, aminod-s alkyl, carboxy, and carbo^d 

A still more preferred group comprises compounds wherein: 

Ri is mono- or di-substituted phenyl, wherein the substituents are selected from the group consisting of 

(a) hydroxy, 

(b) frans-2-phenylethenyl, wherein the phenyl group is optionally mono- or di-substituted with hydroxy halo 
20 C M alkyl, or C M alkyloxy, 7 ' 

(c) carboxy, 

(d) optionally substituted d-4 alkyl, d-4 alkyloxy, d. 4 alkylthio, d. 4 alkylamino, d_ 4 alkoxycarbonyl, wherein 
the substituent is selected from the group consisting of amino, carboxy, d-3 alkoxy, C1 3 alkylthio C1 , 
alkylamino, and dKd.3) alkylamino, ' 

(e) frans-CH=CHC0 2 R 5 , or frans-CH=CHCONHR 5 wherein R 5 is hydrogen or d 4 alkyl 

(f) carboxymethyleneoxy, and 
(9) d-4 alkoxycarbonylmethyleneoxy; 
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R 2 and R 3 are each independently phenyl or mono-substituted phenyl wherein the substituent is selected from the 
group consisting of d-3 alkyl, C1 -3 alkyloxy, amino, d. 3 alkylamino, and di-(d- 3 alkyl)amino; and 

R 4 is hydrogen; substituted d-e alkyl. wherein the substituted is selected from the group consisting of hydrogen 
carboxy, and d- 3 alkoxycarbonyl; or mono-substituted aryl C 0 . 3 alkyl, wherein the aryl group is selected from the 
group consisting of phenyl, pyridyl, and imidazolyl and wherein the substituent is selected from the group consisting 
of hydrogen, d-4 alkyl, trrfluoromethyl, hydroxy, halo, d_ 4 alkyloxy, amino, d-4 alkylamino, carboxy and 
carboxyd. 4 alkyl. 

Novel compounds of the present invention include but are not limited to the following conpounds: 

40 2-(4-hydroxyphenyl)-1 ,4,5-triphenyl-imkJazole trlf luoroacetic acid salt; 

1- ben2yl-2-(4-hydroxyphenyl)-4,5<Ji-(4-methoxyphenyl)-imida2ole trrfluoroacetic acid salt; 

2- (4-cafboxyphenyl)-4 r 5-di-[4-(dimethylamino)-phenyl]-1(H)-imidazole; 

4,5-di-[4-(dimethylamino)-phenyl]-2-[4-(methoxycarbonyl)-phenyO-1(H)-imidazole; 
2-(4-carboxyphenylK5-di-[4^ 

45 4,5-di-[4-(dimethylamino)-pheny^ 

2-[4-(frans-2-carboxyethenyl^ 

4,5-di-[4-(dimethylamino)-phenyl]-2-M 

4,5-di-[4-(dimethylamino)-phenyl]-2-(4-hydroxyphenyl)-l(H)-imidazole; 

4,5-di-[4-(dimethylamino)-phenyn-2-(4-hydroxyphenyl)-1-(2-phenylethyl)-imidazole; 

2-(4-carboxyphenyl)-4 l 5-di-[4-(dimethylamino)-phenyl]-1.(2-phenylethyO-imidazole; 
2-[4-(frans-2-carboxyethenyl)i3hen^ 

4,5-di-(4-methoxyphenyl)-2-{4-[frans-(2-methoxycartx)nyl)-ethenyl].phen^ 
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2-(//an5-4-stilbenyl)-1^ 
4.5-di-[4-(dime%lamino)-phenyQ-2-{4^^ 

pentyl-]-imidazole; " 

4,5-di-(4-methoxyphenyl)-2-{4-[3-(dimethylamino)-propyloxy]-phenyl} 

4,5-di-(4-methoxyphenyl)-2.{4-[3-(dimethylamino)-propyloxy]-phenyl}-1.[3-(imW^^ 
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As used herein "alkyl" is intended to include both branched- and straight-chain saturated aliphatic hydrocarbon 
groups having the specified number of carbon atoms, e.g.. methyl (Me), ethyl (Et) prjyl buTyl pen* hS^eoTvl 
octyl, nonyl decyl, .sc^ropy. (i-Pr). iso-buty. (i-Bu). tert-butyl (t-Bu). sec-butyl (s-B rtSiSt 52 

saturated a cychc hydrocarbon groups having the specified number of carbon atoms. Z T^^mST^ 
he l.ke Alkyloxy" (or "alkoxy") represents an alkyl group having ihe indicated number of Son atoml^c^ 

groups of either a straight or branched conf.gurat.on w.th one or more carbon-carbon double bonds which may occur in 

SS^JS^ 1!! 6 ? 3 '"' I"* 38 e,henyl ' pr ° peny ' ° r butenyl. penteny.. 1*£E^%!?£ 
carbon-carbon double bonds may have either the as- or ttans-configuration. 

The term "halo" means fluoro. chloro, bromo. or iodo. 

The term "prodrug" refers to a compound that is made more active in wvo 

Pharmaceutical!) r acceptable salts of the compounds of formula 1 , where a basic or acidic group is present in the 
StSSX^^ «e scope of this invention. When an acidic substituent is preS 

• hMSS l mm ° niUm • ca ' cium ' ma9nesium - """i 0°***™ «* ■* like - * «• 
sLnnH^ ^ P^^ceutically acceptable organic non-toxic bases include salts of primary 

secondary, and tertiary ammes. substituted amines including naturally occurring substituted amines cyclic amines and 
basic ion-exchange resins, such as arginine. betaine. caffeine, choline, diethylamine. mS*££m£S TS£ 
y'am.noethano. ethanolamine. ethylenediamine. N-ethylmorpholine. N-ethyTpiperidine. rfucJSTSSnKS 
dine hydrabamine. .sopropylamine. lysine, methylglucamine. morpholine. piperazine. pyridine po^e ^esS 
procaine, punnes. theobromine, triethylamine. trimethylamine. W^amin" trom^n , 2i Kte WhTa 

SnSSiSSTS- ? T TT° ° r 3 baS,C radiCal ' SUCh 38 pyrid * an acidic «* «* as hydrocwo 

doije form ' Pam ° ate ' methanesuHonate - P'toluenesulfonate. and the like, can be used as the 

Also in the case of the -COOH or -P(0)(OH) 2 being present, pharmaceutical^ acceptable esters can be employed 
e.g.. me thyl tert-butyl pivaloyloxymethyl. and the like, and those esters known in th Tart ioTn^TSZor 
hydrolysis characteristics for use as sustained release or prodrug formulations moa.ry.ng soiubdrty or 

J" f?*° n ; S ° me of ,he COm P° unds of »" e ins «a"t invention may form solvates with water or common organic sol- 
vents. Such solvates are encompassed within the scope of the invention 

♦h* JI, B ,6rm " thera P. eu * ical, y effective amount" shall mean that amount of drug or pharmaceutical agent that will elicit 
the biological or med.cal response of a tissue, system, animal, or human that is being sought by a researchTS 
nanan, medical doctor or other clinician. ' veieri 

thPtirmathT 1 ^ 5 0< ? S P re ^ invention are conveniently prepared using either solid-phase or solution phase syn- 
detic methods These two methods are described generally below and depicted in the following reaction Schemes 
Where appropriate the synthetic methods utilize readily available starting materials, reagents, and conventfonal sy^ 

SSESSKi •TJT 1 "* " iS 3,50 P 058 '" 6 10 018)18 USe d VariantS *** are themsetves kno^n to hie 
of ordinary skill in this art. but are not mentioned in greater detail. 

flmi ™ »hh 'S? 886 Til** 8 ' " Wch afe d6piCted in Schemes 1 and 4 " em P lov eitner an aldehyde linker or a FMOC- 
amino acid linker on solid supports. 

th« ^L!?'?! 389 me,h< l usin 9 an aldehyde linker (Scheme 1) involves synthesis of the substituted imidazoles of 

?"Z?rZ n l«t ^ the P resance oi an amina (W) of genera, formula 2 and ammonium acetate and sub- 
nScT,? ! UbStrtUted imidaZOle from the ^ ** trifluoroacetic acid to afford 

^ aC dehKin 9 °' ^ formu,a 3 COn * rise either 8 carboxyaWehyde resfcor 
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SCHEME ] 
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,„ ^ u e J y u^ eS ' S ca*o^aldehyde resin of general formula 3 is shown in Scheme 2 and employs methodologies 

so described by Lu et al J. Org. Chem. 46: 3433.1981. A typical procedure involves reacting 6 mmol (1 equiv) of Wang 
resrn (S.S. Wang, J. Amer. Chem. Soc. 95: 1328. 1973) in 130 mL of dry solvent (the resin should be swollen in the 
appropriate solvent for a minimum of 2 hours prior to coupling; the choice of solvent is dictated by the solubility of the 
carboxyaldehyde linker). The solvent can be dichloromethane. tetrahydrofuran. or N.N-dimethylformamide (OMR To 
this mixture. s added 18 mmol of the appropriate carboxyaldehyde (3 equiv). 18mmol(3equiv.)ofdicyclohexylcaibod- 

35 iim.de DCC) or diisopropylcamodiimide (DIC) and 6 mmol (1 equiv.) of 4-dimethylaminopyridine. The mixture is mag- 
netcally stirred for 48 hours at ambient temperatures. The supernatant is then tittered off and the resin thorouahlv 
washed with DMF (500 mL). methanol (500 mL), dichloromethane (500 mL), and methanol (500 mL). The polymer is 
J™ .T' 0 mmH9) for 24 h0UrS - ^P"" 9 yields are det ermined by cleaving 100 mg of the resin with a solution 
?SS trrfluoroacetic acid in dichloromethane for 20 minutes at ambient temperatures. In case of low coupling yields 

40 (<70%), the procedure can be repeated. 
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SCHEME 2 




WANG I OH 



WANG Resin 



o 

HO' 




I WANG I — OH C _H2^ | WANG | —<A 



DCC. DMAP, 23°C. 48 h g PACER l 

CHO 

3 



20 



The carboxyaldehyde may also be coupled to Tentagel PHB resin (E. Bayer, Angew. Chem. Int. Ed Engl 30- 1 13- 
129, 1991) as the solid support in place of Wang resin. A typical procedure involves reacting 0.24 mmol (1 equiv) of 
Tentagel PHB resin in 13 mL of dry solvent (the resin should be swollen in the appropriate solvent for a minimum of 2 
hours prior to coupling; the choice of solvent is dictated by the solubility of the carboxyaldehyde linker). The solvent can 
be dichloromethane. tetrahydrofuran. or N.N-dimethylformamide. To this mixture is added 1.2 mmol (5 equiv) of the 
appropriate carboxyaldehyde, 1.2 mmol (5 equiv) of diisopropylcarbodiimide, and 0.24 mmol of 4-dimethylaminopyrid- 
ine. The mixture is stirred magnetically for 24 hours at ambient temperatures. The supernatant is then filtered off and 
the resin thoroughly washed with DMF (100 mL), methanol (100 mL), dichloromethane (100 mL). and methanol (100 
mL). The polymer is dried Invacuo (0.1 mmHg) for 24 hours. Coupling yields are determined by cleaving 100 mg of the 
resin with a solution of 20% trff luoroacetic acid in dichloromethane for 20 minutes at ambient temperatures. 

Examples of carboxyaldehyde linkers used in the generation of resins and coupling yields are as follows: 




Coupling 
Yields: 

Wang Resin 87% 70% 80% 95% 

Tentagel PHB 95% 



The synthesis of the alkoxyaldehyde resin of general formula 3 is shown in Scheme 3 and employs methodologies 
described by Richter and Gadek. Tetrahedron Lett. 35: 4705 (1994). A typical procedure involves reacting 1 mmol (1 
equiv.) of Wang resin in 4-ethylmorpholine (5 mL) with 3 mmol (3 equiv.) of the appropriate alkoxyaldehyde in the pres- 
ence of 3 mmol (3 equiv.) of triphenylphosphine. The flask is cooled to 0'C and 3 mmol (3 equiv.) of di-isopropyl azodi- 
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carboxylate (DIAD) is added dropwise to the mixture. The reaction is placed in a sonicator bath for 1 hour at 23°C. 
Following sonication, the mixture is magnetically stirred for 16 hours at ambient tenperatures. The supernatant is then 
filtered off and the resin thoroughly washed with acetic acid (50 mL), methanol (50 mL), dichloromethane (50 mL), and 
methanol (50 mL). The polymer is then dried in vacuo (0. 1mmHg) for 24 hours. Coupling yields are determined by 
cleaving 100 mg of the resin with a solution of 20% trifluoroacetic acid in dichloromethane for 20 minutes at ambient 
temperatures. In case of low coupling yields (<70%), the procedure can be repeated. 



w 
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I WANG I OH 



SCHEME 3 



CHO 



DIAD. Ph 3 P, 4-elhyl. 
morpholine, 23°C. 16 h 



I WANG 1 — o- 



CHO 



20 Examples of alkoxyaldehyde linkers used in the generation of resins and coupling yields are as follows: 
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Coupling Yields 
with Wang Resin 





The solid-phase method using a FMOC-amino acid linker (Scheme 4) involves synthesis of the substituted imida- 
zoles by reaction of the 1 ,2-ethanediones of general formula 1 with the aldehydes of general formula 2 and the amine- 
linked resin of general formula 3 in the presence of ammonium acetate followed by treatment with 20% trifluoroacetic 
40 acid in dichloromethane to afford the substituted imidazole compounds of general formula 4. 
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SCHEME 4 
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• Sy u^' S il FMOC - amino acW "'"ker of general formula 3 is shown in Scheme 5 and employs methodolo- 
gies described by G.B. F elds and R.L Noble. Int. J. Peptide Res. 35: 161 (1990) and referenceVci^ 
procedure .nvolves reacting 3 mmol (1 equiv) of Wang resin in dry dichloromethane (92 mL) (the resin shouS beS 

Z^IT^ ^ 3 ° f 2 h ° UrS Pfi0r <0 With 9 mmo ' < 3 W - *• Foioc-amino acS inTe 

E^SJf equ,v) of DCC or DIG and 3 mmol (1 equiv) of ^imethylaminopyridine. The mixture is stirred 

TsS, m. f Sn^ m T i (5 °° mL) ' ^ at6r (5 °° mL)l me,hano1 (50 ° mL >" ^chloromethane (500 mL). and methanol 
(500 mL) The polymer is dried in vacuo (0. 1 mmHg) for 24 hours. Coupling yields are determined by c eaving 100 mg 
of tine es.n with a solution of 20% trifluoroacetic acid in dichloromethane for 20 minutes at ambiert temSres^ 
case of low coupling yields (<70%). the procedure can be repeated. lemperatures. in 

SCHEME H 



45 



50 



I WANG 



-OH 



NHFmoc 



DIC, DMA P. 23°C.48h 



I WANG I — 



mass 



NHFmoc 



55 



An example of an Fmoc-amino acid linker and coupling yield is as follows: 
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The solution-phase methods for preparing the imidazoles of the present invention are shown in Schemes 6 and 7. 
The synthesis of the (1 H)-imidazole derivatives is shown in Scheme 6 and involves reaction of the 1 ,2-ethanediones of 
general formula 1 with aldehydes of general formula 2 in the presence of ammonium acetate in acetic add at 100°C to 
afford (IH)-imidazoles of general formula 3. 

SCHEME 6 




The synthesis of the N-substituted imidazole derivatives in solution phase is shown in Scheme 7 and involves reac- 
tion of the 1,2-ethanediones of general formula 1 with aldehydes of general formula 2 and primary amines of general 
45 formula 4 in the presence of ammonium acetate in acetic acid at 100°C to afford N-substituted imidazoles of general 
formula 3. 
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SCHEME 7 

R 2x , R 3 



0^ 1 R 2 v X* 

p mtt 1 mtj^a^ AcOH. reflux. 2 h / \ 

K4-NH 2 + NH 4 0AC ^ R N 

4 \^ 

4 CHO 
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The compounds described herein are capable of sensitizing multi-drug resistant tumor cells to antitumor chemo- 
therapeutic agents, such as doxorubicin and vinblastine. They also have the ability to potentiate the sensitivity of tumor 
cells susceptible to these chemotherapeutic agents. 

This invention also relates to a method of sensitizing multidrug-resistant tumor cells to antitumor chemotherapeutic 
agents. It also relates to a method of increasing the sensitivity of drug-susceptible tumor cells to antitumor chemother- 
apeutic agents. In addrtion, this invention relates to a method of preventing the emergence of MDR tumor cells during 
a course of treatment with antitumor chemotherapeutic agents. Finally, this invention relates to a method of reducing 
the effective dosage of an antitumor chemotherapeutic agent during a course of treatment. It has been found that com- 
pounds of Formula 1 have the ability to increase the sensitivity of MDR mammalian cells in culture 

Cytotoxic drugs are commonly used as antitumor chemotherapeutic agents. These agents are also called antipro- 
liferative agents. The desired effect of cytotoxic drugs is selective cell death with destruction of the malignant neoplastic 
cells and relative sparing of normal cells. 

Cytotoxic drugs have also proved valuable in the treatment of other neoplastic disoiders including connective or 
autoimmune diseases, metabolic disordere. dermatological diseases, and DNA virus infections. 

Proper use of cytotoxic drugs requires a thorough familiarity with the natural history and pathophysiology of the dis- 
ease before selecting the cytotoxic agent, determining a dose, and undertaking therapy. Each patient must be carefully 
evaluated, with attention directed toward factors which may potentiate toxicity, such as overt or occult infections Weed- 
ing dyscrasias, poor nutritional status, and severe metabolic disturbances. In addition, the functional condition of'certain 
major organs, such as liver, kidneys, and bone marrow, is extremely important. Therefore, the selection of the appropri- 
ate cytotoxic agent and devising an effective therapeutic regimen is influenced by the presentation of the patient 
. . ^ ytotox,c dru9S as antitljm or chemotherapeutic agents can be subdivided into several broad categories including 
(1) alkylating agents, such as mechlorethamine. cyclophosphamide, melphalan, uracil mustard, chlorambucil busulfan' 
carmustine lomustine, semustine, streptozoticin. and decrabazine; (2) antimetabolites, such as methotrexate fluorou- 
racMluorodeoxyundine. cytarabine. azarabine, idoxuridine. mercaptopurine, azathioprine. thioguanine. and adenine 
arab.nos.de; (3) natural product derivatives, such as vinblastine, vincristine, dactinomycin. daunorubicin. doxorubicin 
mithramycin. bleomycin, etoposide. teniposide, and mitomycin-C; and (4) miscellaneous agents, such as hydroxyurea' 
procaroez.ne. mititane, and cis-platinum. ' 

Important antitumor chemotherapeutic agents (with the usual effective dosage) to which clinical multidrug-resist- 
ance has been observed include vinblastine (0.1 mg per kilogram per week), vincristine (0.01 mg per kilogram per 

ZVn ' ?T (35 10 50 m9 Per Square meter per day)l da <* n <™y™ (0-15 mg per kilogram per day), doxorubicin 
(500 to 600 mg per square meter), daunorubicin (65 to 75 mg per square meter per week), and mithramycin (0 025 mg 
per kilogram per day). MDR has been shown to occur in vitro as well as in the clinic. 

Multidrug-resistant cell lines are easily obtainable for in vitro determination of drug sensitization by compounds of 
he present invention. In vitro potentiation of antineoplastic cytotoxicity by the imidazole derivatives of the present inven- 
tion was measured in both CEM/VLB1000 and SK/VLB1000 cell lines. The multidrug resistant cell lines-were obtained 
from Dr. V.ctor Ling. Ontario Cancer Institute. Toronto. Canada. The CEM/VLB 1000 cell line was maintained as a sus- 
pension in minimum essential medium supplemented with 10% of fetal bovine serum in a humidied atmosphere of 95% 
a.r and 5% C0 2 while the SK/VLB 1000 cell line was maintained as adherent cells using the identical medium Indi- 
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tions as the CEM cells. The CEM/VLB 1000 cells were seeded at a density of 5 x 10 4 cells/well in a 96 well microtiter 
plate while the SK/VLB 1000 cell line was seeded at a density of 2,500 cells/well after trypsinization. Vinblastine (5 
ng/mL, for the CEM cells) or Taxol (3 ug/mL, for the SK cells) and compound (0.01 to 50 uM) were added directly to the 
wells. After an incubation of 48 hours in presence of drug, alamar blue (B. Page et al., Int. J. Oncol. 3: 473-476, 1993) 

5 was added (20 ul to the 200 uL cell suspension) for a period of 24 hours after which the fluorescence (excitation = 530 
nM, emission = 590 nM) was read for each well using a "CytoFluor" microtiter fluorometer plate reader. This assay 
measures the minimal concentration of compound necessary to enhance the cytotoxicity (EC50) of vinblastine in the 
MDR cell line. The compounds of the present invention had EC50 values in the range of 0.3 to 10 u.M. 

Enhancement of 3 H-vinblastine accumulation was also measured in the cell line. Corning Easy-Wash 96 well plates 

10 were pretreated with PBS and 1% BSA for 60 minutes and then dried. CEMA/LB1000 cells were seeded at 2 x 10 5 , 40 
uL volume. Plates were incubated at 37°C for 30-60 minutes prior to use. The reference reversing agent, verapamil, or 
the compound of the present invention was added to the well followed by addition of media containing 3 H-vinblastine 
(final concentration = 550 nM). Plates were allowed to incubate for 3 hours at 37°C. Cells were harvested onto pre- 
treated Wallace filtermats B (pretreated overnight with 0.1% polyethyleneimine) using a TomTek harvester-96. After fil- 

15 tering, the filtermats were allowed to dry completely. Meltix B scintillant was then added to the filtermats. The filters were 
then placed in a 90°C oven for approximately 3-5 minutes and then removed. Scintillant was allowed to solidify on the 
filtermats. Filtermats were then placed in sample bags and read on a Wallace BetaPlate scintillation counter. The effect 
of compounds of the present invention in the cytotoxicity potentiation assays and vinblastine (VLB) accumulation assay 
is given in the Table below: 

20 





Example 


Cytotoxicity Potentiation (uJvl) 1 


[ 3 H] VLB Accumulation 
(HM) 2 


25 




CEM/VLB 1000 Cells 


SK/VLB1000 Cells 


CEM/VLB1000 Cells 




1 


NT 3 


NT 


20 




2 


NT 


NT 


2 




3 


10 


NT 


NT 


30 


4 


0.3 


1.0 


5.0 




5 


3.0 


10 


12 




6 


5.0 


NT 


NT 


35 


7 


10 


NT 


NT 




8 


0.3 


0.3 


5.0 




9 


10 


10 


20 




10 


2.0 


20 


10 


40 


11 


10 


NT 


NT 




12 


10 


NT 


NT 




13 


0.6 


20 


NT 


45 


14 


0.4 


1 


NT 




15 


0.6 


5 


NT 




16 


2.0 


10 


NT 


50 


17 


20 


20 


NT 



1 Values presented are the midpoint (EC 50 ) of the minimum and maximum cytotoxicity 
induced by 5 jig/mL vinblastine and the specific compound of the present invention. 

2 Values presented are the midpoint (EC50) of the minimum and maximum increase in 
accumulation of 3 H-vinb!astine caused by the specific compound of the present invention. 

3 NT = Not tested. 



The modulation of multidrug-resistance demonstrated by the imidazole derivatives described herein provides a 
method of treatment of multidrug-resistant tumors. The multidrug-resistance modulatory properties of the compounds 
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lazzsamn ? s< ; prw ! d s a method ,or the prevemion ° f *• emer " nce * ***** *» 

aTanti^^ 

All of the methods of this invention involve (1) the administration of a compound of Formula 1 prior to together with 

ZZZ^SZ™?!^ a " anttUm ° r agent; and (2) the «JL£2fiZ£Z 

tion of a compound of Formula 1 and an antitumor chemotherapeutic agent 

Thus, the compounds of Formula 1 are useful in the treatment of multidrug-resistant tumor cells or tumor cells in 
general^ erther separately or in combination with an antitumor chemotherapeutic agent. Theselo^uTmay £ 

"J 5 ' Paren,era " y in dOSa96 ^ formUteti ° nS COnventional nonZc X™ eu 

ZSZST ^ "* ^ term parenteral 35 used herein "«**« subcutaneous injec- 

tions, intravenous, intramuscular, mtrasternal injection or infusion techniques 

The present invention also has the objective of providing suitable topical, oral, and parenteral pharmaceutical for- 
mulationsfor use .n the novel methods of treatment of the present invention. The compounds of the 

ZnL r ,Ster6d r ra ' ly ^ ,ablete - aqUe0US ° r ° ily SUSpenaons ' ,ozen 9 es ' trocheTpowders, gmn'uli em^sions 
capsules, syrups or elixirs. The composition for oral use may contain one or more agents selected from the group of 
sweetenmg agents flavouring agents, colouring agents and preserving agents in order to produce pharmaceutically 

^T^SS^rT^ The 481)16,5 C ° main me aCti " 9 in ■***«• «•* nJtoSZES 

2 T P ' en ? Wh ' Ch 5Uitab,e for ,he ^ets. These excipients may be. for example. (1) 

nert diluents such as calcum carbonate, lactose, calcium phosphate or sodium phosphate; (2) granulating and disto- 
tegrating agents, such as corn starch or alginic acid; (3) binding agents, such as starch, gelatin or acacia; and (4) lubri- 
cating agents, such as magnesium stearate. stearic acid or talc. These tablets may be uncoated or coated by known 
techniques to delay disintegration and absorption in the gastrointestinal tract and thereby provide a sustain^ action 
over a longer period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate may be 
employed. Coating may also be performed using techniques described in the U.S. Patent Nos. 4 256 108- 4 160 452- 
and 4.265,874 to form osmotic therapeutic tablets for control release. ^* ' 4 ' 16 ° l452 ' 

• . F0, S? 0n ! *Z 0fal US6 may b6 in the ,orm of hard 9elatin ca ' 3Sules wherein active ingredient is mixed with an 
inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin. They may also be in the form of soft 
gelatin capsules wherein the active ingredient is mixed with water or an oil medium, such as peanut oil. liquid paraffin 
or oiivo oil. 

Aqueous suspensions normally contain the active materials in admixture with excipients suitable for the manufac- 
&q XT* !!? enSi ° n - ^ UCh expicients ma y be W suspending agent such as sodium carboxymethyl cellulose, 
methyl cellulose, hydroxypropylmethylcellulose. sodium alginate, polyvinylpyrrolidone, gumtragacanth and gum acacia- 
(2^.spers.ng or wetting agents which may be (a) naturally occurring phosphatide such as lecithin; (b) a condensation 
product of an alkylene oxide with a fatty acid, for example, polyoxyethylene stearate; (c) a condensation product of eth- 
ylene ox.de with a long chain aliphatic alcohol, for example, heptadecaethylenoxycetanol; (d) a condensation product 
of ethylene oxide wrth a partial ester derived from a fatty acid and hexitol such as polyoxyethylene sorbitol monooleate 
or (e) a condensation product of ethylene oxide with a partial ester derived from fatty acids and hexitol anhydrides for 
example polyoxyethylene sorbitan monooleate. 

The pharmaceutical compositions may be in the form of a sterile injectable aqueous or oleagenous suspension 
This suspension may be formulated according to known methods using those suitable dispersing or wetting agents and 
suspending agents which have been mentioned above. The sterile injectable preparation may also a sterile injectable 
so ution or suspension in a non-toxic parenterally-acceptable diluent or solvent, for example, as a solution in 1 3- 
butanediol. Among the acceptable vehicles and solvents that may be employed are water. Ringer's solution and isot- 
onic sodium chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium For this purpose, any bland fixed oil may be employed including synthetic mono- or diglycerides In adition 
fatty acids such as oleic acid find use in the preparation of injectables. 

Hr„„ A £ >mp0Und ° f ? rmU ' a V may 3,60 be administered in «» form of suppositories for rectal administration of the 
d ug. These compositions can be prepared by mixing the drug with a suitable non-irritating excipient which is solid at 
ord nary temperature but liquid at the rectal temperature and will therefore melt in the rectum to release the drug Such 
materials are cocoa butter and polyethylene glycols. 

The compounds of the present invention may also be administered in the form of liposome delivery systems such 
as small unilamellar vesicles, large unilamellar vesicles, and multilamellar vesicles. Liposomes can be formed froam a 
variety of phospholipids, such as cholesterol, stearylamine, or phosphatidylcholines 

For topical use. creams, ointments, jellies, solutions or suspensions, etc.. containing the compounds of Formula 1 
sr© ©mplovBcl. 

Dosage levels of the compounds of the present invention are of the order of about 0.5 mg to about 100 mg per kil- 
ogram body weight, with a preferred dosage range between about 20 mg to about 50 mg per kilogram body weight oer 
day(from about 25 mg to about 5 gms per patient per day). The amount of active ingredient that may be combined with 
the earner materials to produce a single dosage will vary depending upon the host treated and the particular mode of 
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administration. For example, a formulation intended for oral administration to humans may contain 5 mg to 1 g of an 
active compound with an appropriate and convenient amount of carrier material which may vary from about 5 to about 
95 percent of the total composition. Dosage unit forms will generally contain between from about 5 mg to about 500 mg 
of active ingredient. 

It will be understood, however, that the specific dose level for any particular patient will depend upon a variety of 
factors including the activity of the specific compound employed, the age, body weight, general health, sex, diet, time 
of administration, route of administration, rate of excretion, drug combination and the severity of the particular disease 
undergoing therapy. 

The following Examples are intended to illustrate the preparation of compounds of Formula 1 , and as such are not 
intended to limit the invention as set forth in the claims appended thereto. Furthermore, the compounds described in 
the following examples are not to be construed as forming the only genus that is considerd as the invention, and any 
combination of the compounds or their moieties may itself form a genus. The structure and purity of all final products 
were assured by at least one of the following methods: thin-layer chromatography (TLC), mass spectroscopy, nuclear 
magnetic resonance (NMR) spectroscopy, or combustion analysis. NMR data is in the form of delta (d) values for major 
diagnostic protons, given in parts per million (ppm) relative to tetramethylsilane (TMS) as internal standard, determined 
at 400 MHz in deuteriochloroforrn (CDCI 3 ); conventional abbreviations used for signal shape are: s, singlet; d, doublet; 
t, triplet; m, multiplet; br., broad; etc. The following abbreviations have also been used: v (volume), w (weight), L (liter), 
mL (milliliter), g (gram), mg (milligram), mol (moles), mmol (millimoles), equiv (equivalents). 

The Examples were prepared using either Method A or Method B. 

Method A involves synthesis on a solid support either with aldehyde linkers as shown in Scheme 1 above or 
FMOC-amino acid linkers as shown in Scheme 4 above. 

In a typical Method A procedure using an aldehyde linker, to 0.1 mmol (1 equiv.) of the carboxyaldehyde resin 
or alkoxyaldehyde resin was added 1 mmol (1 equiv.) of 1 ,2-diarylethanedione, 1 mmol (10 equiv.) of the amine 
(R4NH2), 0.14 mmol (1.4 equiv.) of ammonium acetate, and 1.6 mL of acetic acid. The mixture was magnetically 
stirred for 12 to 15 hours at 100°C. The resin was filtered and washed with dichloromethane (40 mL), N.N-dimeth- 
ylformamide (20 mL), methanol (20 mL), dichloromethane (40 mL), and methanol (40 mL). The product was 
cleaved from the resin with a solution of 20% trif luoroacetic acid in dichloromethane for 20 minutes at ambient tem- 
peratures. The substituted imidazoles were purified using reverse-phase HPLC Rainin Dynamax C1 8 columns and 
mixtures of water and acetonitrile containing 0.1% trif luoroacetic acid as the mobile phase. 

In a typical Method A procedure using a FMOC-amino acid linker, 0.1 mmol (1 equiv.) of the FMOC-amino acid 
resin was deprotected using 20% piperidine in DMF (1 0 mL) at ambient temperatures for 20 minutes. The resin was 
washed with DMF (10 mL), dichloromethane (2 x 20 mL), methanol (2 x 20 mL), and acetic acid (2 x 20 mL). To the 
deprotected resin was added 1 mmol (10 equiv.) of the 1,2-diarylethanedione, 1 mmol (10 equiv.) of ammonium 
acetate and 1 .6 mL of acetic acid. The mixture was magnetically stirred for 12 to 15 hours at 100°C. The resin was 
filtered and washed with dichloromethane (40 mL), DMF (20 mL), methanol (20 mL), dichloromethane (40 mL), and 
methanol (40 mL). The product was cleaved from the resin with a solution of 20% trifluoroacetic acid in dichlo- 
romethane for 20 minutes at ambient temperatures. The substituted imidazoles were purified using reverse-phase 
HPLC Rainin Dynamax C1 8 columns and mixtures of water and acetonitrile containing 0. 1 % trifluoroacetic acid as 
the mobile phase. 

Method B involves synthesis of the substituted (1 H)-imidazoles in solution phase as shown in Scheme 6 above. In 
a typical Method B procedure, 1 mmol (1 equiv.) of the 1 ,2-ethanedione, 1 mmol (1 equiv.) of the aldehyde, and 20 
mmol (20 equiv.) of ammonium acetate in glacial acetic acid (9 mL) were heated to reflux for 4 hours. The extent of 
the reaction was monitored by thin layer chromatography and nuclear magnetic resonance (NMR) spectroscopy. 
Once all starting material had disappeared, the solution was cooled to 23°C and added dropwise to a vigorously 
stirred mixture of diethyl ether (200 mL) and saturated aqueous sodium hydrogencarbonate (200 mL). Ethyl acetate 
(200 mL) was added, and the organic layer was separated. The organic layer was washed with saturated aqueous 
sodium hydrogehcarbonate (200 mL) and saturated brine solution (200 mL). The aqueous layers were combined 
and washed with ethyl acetate (200 mL). The combined organic layers were dried over sodium sulfate, filtered, and 
solvent removed in vacuo. The derived imidazoles were purified using reverse-phase HPLC Rainin Dynamax C18 
columns and mixtures of water and acetonitrile containing 0.1% trifluoroacetic acid as the mobile phase. 
Method C involves synthesis of the N-substituted imidazoles in solution phase as shown in Scheme 7 above. In a 
typical Method C procedure. 2 mmol (1 equiv.) of the 1 ,2-ethanedione, 2 mmol (1 equiv.) of the aldehyde. 10 mmol 
(5 equiv) of the primary amine, and 3 mmol (1.5 equiv.) of ammonium acetate in glacial acetic acid (5 mL) were 
heated to reflux for 2 hours. The extent of the reaction was monitored by thin layer chromatography and nuclear 
magnetic resonance (NMR) spectroscopy. Once ail starting material had disappeared, the solution was cooled to 
23°C and added dropwise to a vigorously stirred mixture of diethyl ether (200 mL) and saturated aqueous sodium 
. hydrogencarbonate (200 mL) or 3.0 N sodium hydroxide (200 mL). Ethyl acetate (200 mL) was added, and the 
organic layer was separated. The organic layer was washed with saturated aqueous sodium hydrogencarbonate 
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" 3 h° N S iU "l h *? CDdde (20 ° mL) and Satura1ed brir * «""»ion (200 mL). The aqueous layers were 
SS^JS^T! 8Cetate < 200 H mL )- The «■■* layers were dried Lr sodium sulfate 

Seh^L^ k removed /n vao/o. The denved N-substituted imidazoles were purified by recrystallization 
lash chromatography on Merck F60 silica gel. or reverse-phase HPLC on Rainin Dynamax C18 columns and mix 
tures of water and acetonitrile containing 0.1% trrfluoroacetic acid as the mobile phase. 

EXAMPLE 1 



w 



15 



SO 



25 





^ ^ NH+ CF 3 C0 2 - 



Prepared by method A. 1 H-NMR: 6 (6.6, d. 2H), (7.06, d, 4H), (7.15. d, 2H). (7.2-7.4. m. 1 1H). 
30 EXAMPLE 2 



35 



CH 3 0 



40 



45 



50 




,OCH 3 




N - ^ NH+ CFjCO,' 



*TZ*H).pT"X H ' m *'' 8 (3 ' 7, s> 3H)> (3 ' 8, Si 3H)> (5H 8> 2H)> (6 ' 7 * 69, m> 9H) - (709, d - 2H)> <7jn - d - 2H) - 
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5 



10 



IS 




C0 2 H 

20 

Prepared by method A. 1 H-HMR: 8 (2.9. s, 12H), (6.7, d, 4H) ( (7.25, d, 4H), (7.95, dd, 4H). 
EXAMPLE 4 

25 



30 



35 



40 




C0 2 Me 

45 

Prepared by method A, followed by reaction with trimethytsilyldiazomethane in 4:1 methanol-benzene. 1 H-NMR: 6 (2.9, 
S, 12H), (4.9, S, 3H), (6.7, d, 4H), (7.4, d. 4H), (7.9, d, 2H), (8.05, d, 2H). 

50 
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Me 2 N 



10 



15 




NMe 2 



CH 3 (CH 2 ) 5 ^ \^ 



20 




25 



Prepared by method A. 'H-NMR: 8 (0.6, t. 3H). ), (0.9-1 .0. m. 6H), (1 .3. m, 2H), (2.8, s, 6H), (3.0, s. 6H), (3.78. dd 2H) 
(6.58. d,2H), (6.72. dd,4H). (7.19. d.2H). (7.21, d.2H). (7.4, d,2H). ' 

EXAMPLE 6 




Prepared by method A. followed by reaction with trimethylsilyldiazomethane in 4:1 methanol-benzene. 'H-NMR- S (0 6 
t. 3H). (0.9-1.0, m, 6H). (1.3. m. 2H), (2.8. S. 6H), (3.0. s. 6H), (3.8. dd. 2H). (3.9. s. 3H). (6.58. d. 2H). (6.78. d. 2H).' 
(7.24, d. 2H). (7.42, d. 2H), (7.78, d. 2H). (8.05, d, 2H). 
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Prepared by method A. 'H-NMR: 8 (2.9. s, 12H), (6.3, d, 1H). (6.62. d. 4H), (7.4. broad d. 4H), (7.43. d, 2H). (7.6. d. 
1H). (7.9.d.2H). 

25 

EXAMPLE 8 




Prepared by method B. followed by reaction with trimethylsilyldiazomethane in 4:1 methanol-benzene. 'H-NMR: 8 (2.9. 
so s. 12H). (3.78. s. 3H), (6.35. d. 1H). (6.6. d. 4H). (7.38. broad d. 4H). (7.4. d. 2H), (7.6, d. 1H). (7.8. d. 2H). 
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30 



35 



Me 9 N 



40 




NMe, 



45 



Prepared by method A. 1 H-NMR: S (2.5, t, 2H), (2.9. s. 6H), (3.0, s, 6H), (4.2, d, 2H), (6.58. d, 2H), (6.72, dd, 2H) (6 9 
m, 4H), (7.1, m, 5H), (7.19, d, 2H), (7.25. d. 2H). 



50 
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5 



10 



15 




Prepared by method A. 1 H-NMR: 8 (2.5, t, 2H), (2.9, s, 6H), (3.0, s, 6H), (4.2, d, 2H), (6.58, d, 2H), (6.72, dd, 2H), (6.9, 
d, 2H), (7.1 , m, 3H), (7.19, d, 2H), (7.35, dd. 4H), (8.05, d, 2H). 

25 EXAMPLE 12 



30 



35 



40 




CH=CHC0 2 H 



Prepared by method A. 1 H-NMR: 6 (2.5, t, 2H), (2.9, s, 6H), (3.0, s, 6H), (4.2, d, 2H), (6.4, d, 1H), (6.5, d, 2H), (6.7, d, 
2H), (6.9-7.6, m, 14H). 
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25 



Prepared by method A. followed by reaction with trimethylsilyldiazomethane in 4:1 methanol-benzene 1 H-NMR- 8 (0 9 
m 2H) (1.3. m, 4H). (2.05. t, 2H). (3.55. s. 3H). (3.7. s. 3H). (3.8. s. 3H). (3.85. s. 3H), (3.85. t. 2H). (6.45 d 1H) 6 7* 
d. 2H). (6.95, d, 2H). (7.25. d. 2H), (7.4. d. 2H). (7.6. d. 2H), (7.7. d. 2H). (7.7. d. 1 H) * ' 



EXAMPLE 14 



30 




55 



Prepared by method C. 'H-NMR: 8 (1.8, m. 2H). (3.6. t, 2H). (3.7, s, 3H). (3.84. s, 3H). (3.9. t. 2H). (6.42. s 1 H) (6 72 
d, 2H). (6.89. s. 1 H), (6.98. d. 2H). (7.14. m. 2H). (7.24. m. 3H). (7.35. t. 2H). (7.44. d. 2H), (7.52, d' 2H). (7.58.S " 3^ 
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15 




CH=CHC0 2 Me 



Prepared by method A. followed by reaction with trimethylsilyldiazomethane in 4:1 methanol-benzene. 1 H-NMR- 8 (0 9 
25 m. 2H). (1.3. m, 4H), (2.8. S, 6H). (3.0. S. 6H). (3 58, s. 3H), (3.8, S. 3H), (3.85. t, 2H). (6.45. d. 1 H). (6.58, d. 2H). (6.75." 
d. 2H), (7.2, d, 2H), (7.4, d. 2H). (7.6. d, 2H). (7.7. d. 2H). (7.7. d. 1H). 

EXAMPLE 16 



35 



40 



so 




Prepared by method C. 'H-NMR: 5 (0.7. t, 3H), (0.9. m. 4H), (1 .1, m. 2H). (1.3, m, 2H), (1 .9. m. 2H), (2.2. s. 6H). (2.45 
t, 2H). (3.7. s, 3H). (3.75. ». 2H), (3.84, s. 3H), (4.05. t. 2H). (6.72. d. 2H), (6.98, d, 4H). (7.22. d. 2H), (7.4. d. 2H). (7.52. 
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30 Prepared by method C. 1 H-NMR: 8(1.7. m. 2H). (1 .92. m, 2H), (2.2. s. 6H). (2.4. t. 2H). (3.5, t. 2H). (3.66. 8, 3H). (3 78 
't 5 S> 3H) ' (4 ° 5 ' *■ 2H)> (6 42> 8 * 1H) ' (6 72 " d ' 2H) * (6 85 ' * 1H >' < 6 ' 91 ' m ' 4H >- ( 7 04 - s - 1H ). (7-2. d. 2H)i 



35 



40 



45 



50 



55 



Claims 

1 . A compound of the formula 1 




or a pharmaceutical^ acceptable salt, ester, or prodrug thereof 
wherein: 



Ri is: 



(a) substituted C 1b11 alkyl or substituted C 2 .n alkenyl, wherein the substituent is selected from the group 
consisting of hydrogen, hydroxy, halo, d-e alkyloxy, d. 6 alkylthio. 0,* alkylamino, phenyl-C^ aikyloxy, 
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phenyf-C^s alkylthio. and phenyl-C^ alkylamino; or 

- (b) aryl-Co.1 i-alkyl, wherein the aryl group is selected from the group consisting of phenyl, naphthyt, pyri- 
dyl, furyl, pyrryl, thienyl, isothiazolyl, imidazolyl, benzimidazolyl, tetrazolyl, pyrazinyl, pyrimidyl, quinolyl, 
isoquinolyl, benzofuryl, benzothienyl, pyrazolyl, indolyl, isoindolyl, purinyl, carbazolyl, isoxazolyl. thiazolyl, 
oxazolyl, benzthiazolyl, and benzoxazolyl; and mono-, di-, and tri-substituted-aryl Co-n-alkyl wherein aryl 
is as defined above and wherein the substituents are independently selected from 

(a) trif luoromethyl, 

(b) hydroxy, 

(c) halo, 

(d) phenyl, frans-2-phenylethenyl, 2-phenylethynyl, 2-phenylethyl, wherein the phenyl group is option- 
ally mono- or di-substituted with hydroxy, halo, C1.4 alkyl, or C t . 4 alkyloxy, 

(e) carboxy, 
(0 amino, 

(g) optionally substituted C^. s alkyl, C^. e alkyloxy, C^. e alkylthio, Ci. 6 alkylamino, Ci. 6 alkylcarbonyl, 
C^g alkylcarbonylamino, C^. 6 alkylaminocarbonyl, C^ 6 alkoxycarbonyl, wherein the substituent is 
selected from the group consisting of amino, carboxy, C^ 6 alkoxy, Ci. 6 alkylthio, Ci. 6 alkylamino, and 
di-(Ci. 6 ) alkylamino, 

(h) C 1 . 11 C0 2 R5. C^^CONHRs, frans-CH=CHC0 2 R 5 . or frans-CH=CHCONHR 5 wherein R 5 is 
hydrogen, C 1a11 alkyl, or phenylC 101 alkyl, 

(i) carboxymethyleneoxy, and 

(j) 0^6 alkoxycarbonylmethyleneoxy; 

R 2 and R3 are each independently: 

aryl wherein the aryl group is as defined under the definition of R1 above; and mono-, di-, and tri-substi- 
tuted aryl wherein the substituents are independently selected from hydroxy, halo, trif luoromethyl, C^g 
alkyl, C^e alkyloxy, alkylthio, amino, alkylamino, di-(Ci-6 alkyl)-amino, phenyl-Ci_ 6 alkylamino, 
and di-fphenyl-C^e alkyl) amino; 

and R 4 is: 

(a) hydrogen; 

(b) substituted C-mi alkyl or C2.11 alkenyi wherein the substituent is selected from the group consist- 
ing of hydrogen, hydroxy, halo, Ci. 6 alkyloxy, C t . 6 alkylthio, Cf.g alkylamino, phenyl-Ci. 6 alkyloxy, phe- 
nyl-C^e alkylthio. and phenyl-Ci. 6 alkylamino, carboxy, and C^g alkoxycarbonyl; or 

(c) aryl C 0 .n alkyl wherein the aryl group is as defined under the definition of R1 above; and mono-, 
di-, and tri-substituted-aryl C 0 -n -alkyl wherein aryl is as defined above and wherein the substituents 
are independently selected from Ci. 6 alkyl, trif luoromethyl, hydroxy, halo, Ci. 6 alkyloxy, amino, C^g 
alkylamino, aminoCi. 6 alkyl, carboxy, and carboxyCi. 6 alkyl. 

A compound according to Claim 1 wherein 

R 1 is aryl, wherein the aryl group is selected from the group consisting of phenyl, naphthyl, pyridyl, furyi, pyrryl, 
thienyl, imidazolyl, benzimidazolyl, pyrimidyl, quinolyl, isoquinolyl, benzofuryl, benzothienyl, indolyl, thiazolyl, 
oxazolyl, benzthiazolyl, and benzoxazolyl; and mono- and di-substituted-aryl wherein aryl is as defined above 
and wherein the substituents are independently selected from 

(a) hydroxy, 

(b) halo, 

(c) phenyl, (/-a/7S-2-phenylethenyl, wherein the phenyl group is optionally mono- or di-substituted with 
hydroxy, halo, C 1 . 4 alkyl, or C^ 4 alkyloxy, 

(d) carboxy, 

(e) amino. 

(f) optionally substituted Ci_ 6 alkyl, C^g alkyloxy, C^g alkylthio, C 1 . 6 alkylamino, Cj.g alkoxycarbonyl, 
wherein the substituent is selected from the group consisting of amino, carboxy, C1.3 alkoxy, C1.3 alkylthio, 
^.3 alkylamino, and di-fC^) alkylamino, 
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(g) /rans-CH=CHC0 2 R 5 , or frans-CH=CHCONHR 5 wherein R 5 is hydrogen or d-e alkyl, 

(h) carboxymethyleneoxy, and 

(i) d. 6 alkoxycarbonylmethyleneoxy; 

s R 2 and R 3 are each independently phenyl and mono- and di-substituted phenyl wherein the substituents are 

independently selected from hydroxy, halo, trifluoromethyl, d-e d-6 alkyloxy, d_ 6 alkylthio, amino. Ci 6 
alkylamino, and di-(d. 6 alkyl)-amino; and 

R 4 is hydrogen; substituted d_ 6 alkyl, wherein the substituent is selected from the group consisting of hydro- 
10 gen, hydroxy, halo, d. 6 alkyloxy, d-6 alkylthio, d_ 6 alkylamino, carboxy, and d_ 6 alkoxycarbonyi; or mono- or 

di-substituted aryl C0.3 alkyl, wherein the aryl group is selected from the group consisting of phenyl, pyridyl, 
furyl, thienyl, imidazolyl, thiazolyl, and oxazolyl, and wherein the substituents are independently selected from 
hydrogen, d-e alkyl, trifluoromethyl, hydroxy, halo, d-e alkyloxy, amino, d. 6 alkylamino. aminod-e alkyi, car- 
boxy, and carboxyC^g alkyl. 

75 

3. A compound according to Claim 2 wherein 

is mono- or di-substituted phenyl, wherein the substituents are selected from the group consisting of 

20 (a) hydroxy, 

(b) frans-2-phenylethenyl, wherein the phenyl group is optionally mono- or di-substituted with hydroxy, 
halo, C v4 alkyl. or d_ 4 alkyloxy, 

(c) carboxy, 

(d) optionally substituted C M alkyl, C M alkyloxy, d. 4 alkylthio, d_ 4 alkylamino, C M alkoxycarbonyi, 
26 wherein the substituent is selected from the group consisting of amino, carboxy, d .3 alkoxy, d 3 alkylthio, 

d. 3 alkylamino, and di-(d. 3) alkylamino, 

(e) fra/7s-CH=CHC0 2 R 5 , or trans -CH=CHCONHR 5 wherein R 5 is hydrogen or d. 4 alkyl, 

(f) carboxymethyleneoxy, and 

(g) d-4 alkoxycarbonylmethyleneoxy; 

30 

R 2 and R 3 are each independently phenyl or mono-substituted phenyl wherein the substituent is selected from 
the group consisting of d. 3 alkyl, d_ 3 alkyloxy, amino. d_ 3 alkylamino, and di-(d_ 3 alkyl)amino; and 

R 4 is hydrogen; substituted d-6 alkyl, wherein the substituted is selected from the group consisting of hydro- 
35 gen, carboxy, and d_ 3 alkoxycarbonyi; or mono-substituted aryl C 0 . 3 alkyl, wherein the aryl group is selected 

from the group consisting of phenyl, pyridyl, and imidazolyl and wherein the substituent is selected from the 
group consisting of hydrogen. d. 4 alkyl, trifluoromethyl, hydroxy, halo, d-4 alkyloxy, amino, d-4 alkylamino, 
carboxy, and carboxyd. 4 alkyl. 

40 4. A compound according to Claim 1 wherein Rj is 4-hydroxyphenyl; and R 2 , R 3 , and R 4 are phenyl; and the pharma- 
ceutical^ acceptable salts, esters, and prodrugs thereof. 

5. A compound according to Claim 1 wherein R 1 is 4-hydroxyphenyl; R 2 and R 3 are 4-methoxyphenyl; and R 4 is ben- 
zyl; and the pharmaceutical^ acceptable salts, esters, and prodrugs thereof. 

45 

6. A compound according to Claim 1 wherein is 4-carboxyphenyl; R 2 and R 3 are 4-(dimethylamino)-phenyl; and 
R 4 is hydrogen; and the pharmaceutical^ acceptable salts, esters, and prodrugs thereof. 

7. A compound according to Claim 1 wherein R 1 is 4-(methoxycarbonyl)-phenyl; R 2 and R 3 are 4-(dimethylamino)- 
50 phenyl; and R 4 is hydrogen; and the pharmaceutical^ acceptable salts, esters, and prodrugs thereof. 

8. A compound according to Claim 1 wherein is 4-carboxyphenyl; R 2 and R 3 are 4-(dimethylamino)-phenyl; and 
R 4 is n-hexyl; and the pharmaceutical^ acceptable salts, esters, and prodrugs thereof. 

55 9. A compound according to Claim 1 wherein R t is 4-(methoxycarbonyl)-phenyl; R 2 and R 3 are 4-(dimethylamino)- 
phenyl; and R 4 is n-hexyl; and the pharmaceutical^ acceptable salts, esters, and prodrugs thereof. 

10. A compound according to Claim 1 wherein is 4-(^ra/7s-2-carboxyethenyl)-phenyl; R 2 and R 3 are 4-(dimethyl- 
amino)-phenyl; and R 4 is hydrogen; and the pharmaceutical^ acceptable salts, esters, and prodrugs thereof. 
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11. A compound according to Claim 1 wherein R 1 is 4-[(fra/7S-2-methoxycarbonyl)-etheny1]-phenyl; R 2 and R 3 are 4- 
(dimethylamino)-phenyl; and R 4 is hydrogen; and the pharmaceutical^ acceptable salts, esters, and prodrugs 
thereof. 

12. A compound according to Claim 1 wherein R n is 4-hydroxyphenyl; R 2 and R 3 are 4-(dimethylamino)-phenyl; and R 4 
is hydrogen; and the pharmaceutical^ acceptable salts, esters, and prodrugs thereof. 

1 3. A compound according to Claim 1 wherein R 1 is 4-hydroxyphenyl; R 2 and R 3 are 4-(dimethylamino)-phenyl; and R 4 
is 2-phenylethyl; and the pharmaceutically acceptable salts, esters, and prodrugs thereof. 

14. A compound according to Claim 1 wherein R 1 is 4-carboxyphenyl; R2 and R 3 are 4-(dimethylamino)-phenyl; and 
R 4 is 2-phenylethyl; and the pharmaceutically acceptable salts, esters, and prodrugs, thereof. 

15. A compound according to Claim 1 wherein R-, is 4-(frar?s-2-carboxyethenyl)-pheny1; R 2 and R 3 are 4-(dimethyl- 
amino)-phenyl; and R 4 is 2-phenylethyl; and the pharmaceutically acceptable salts, esters, and prodrugs thereof. 

16. A compound according to Claim 1 wherein R 1 is 4~[{trans -2-methoxycarbonyl)-ethenyl]-phenyl; R 2 and R 3 are 4- 
methoxyphenyi; and R 4 is 5-(methoxycarbonyl)-n-pentyl; and the pharmaceutically acceptable salts, esters, and 
prodrugs thereof. 

17. A compound according to Claim 1 wherein R 1 is frans-4-stilbenyl; R 2 and R 3 are 4-methoxyphenyl; and R 4 is 3- 
(imidazol-l-yl)-n-propyl; and the pharmaceutically acceptable salts, esters, and prodrugs thereof. 

18. A compound according to Claim 1 wherein R 1 is 4-[( trans -2-methoxycarbonyl)-ethenyl]-phenyl ; R 2 and R 3 are 4- 
(dimethylamino)-phenyl; and R 4 is 5-(methoxycarbonyi)-n-pentyl ; and the pharmaceutically acceptable salts, 
esters, and prodrugs thereof. 

19. A compound according to Claim 1 wherein Rt is 4-[3-(dimethylamino)propyloxy]-phenyl; R 2 and R 3 are 4-methox- 
yphenyl; and R 4 is 3-(imidazol-1-yl)-n-propyl; and the pharmaceutically acceptable salts, esters, and prodrugs 
thereof. 

20. A compound according to Claim 1 wherein R 1 is 4-[3-(dimethylamino)propyloxy]-phenyl; R 2 and R 3 are 4-methox- 
yphenyl; and R 4 is n-hexyl; and the pharmaceutically acceptable salts, esters, and prodrugs thereof. 

21. A method of treatment for increasing the sensitivity of tumor cells to anti-cancer chemotherapeutic agents, said 
tumor cells being susceptible to anticancer chemotherapeutic agents, and said tumor cells having become resistant 
to chemotherapy comprising administration to a mammalian species in need of such treatment a therapeutically 
effective amount of a compound of Claim 1 and a pharmaceutically acceptable carrier. 

22. A method of treatment of tumor cells, said tumor cells being susceptible to anti-cancer chemotherapeutic agents, 
and said tumor cells having become resistant to chemotherapy comprising: administration to a mammalian species 
in need of such treatment, of a therapeutically effective amount of said anti-cancer chemotherapeutic agent, and 
an effective amount of a compound of Claim 1 . 

23. A method of treatment of tumor cells according to Claim 20, comprising: administration to a mammalian species in 
need of such treatment a therapeutically effective amount of an anti-cancer chemotherapeutic agent selected from 
the group consisting of taxol, vinblastine, vincristine, daunorubicin. and doxorubicin. 

24. A pharmaceutical composition for increasing the sensitivity of tumor ceils to anti-cancer chemotherapeutic agents, 
said tumors cells having become resistant to chemotherapy comprising a therapeutically effective amount of a com- 
pound of Claim 1 and a pharmaceutically acceptable carrier. 

25. A pharmaceutical composition for increasing the sensitivity of tumor cells to anti-cancer chemotherapeutic agents, 
said tumors cells having become resistant to chemotherapy comprising: a therapeutically effective amount of an 
anti-cancer chemotherapeutic agent selected from the group consisting of taxol, vinblastine, vincristine, daunoru- 
bicin, and doxorubicin, an effective amount of a compound of Claim 1 , and a pharmaceutically acceptable carrier. 
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